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<§) Optical Isojator. 

@ An optical isolator is fabricated upon a lead frame hav- 
ing an LED section which is rotated 180° to position the LED 
over the photodiode. Prior to rotation both the LED and the 
photodiode attachment portions of the leads are down set a 
predetermined amount to fixe the size of the isolation gap 
between the LED and the photodiode. Dielectric sheets are 
attached to the outer surfaces of the LED and photodiode 
leads and an optically transmissive resin is injected there- 
between to form a light guide and to encapsulate the LED 
and photodiode dice and their associated bond wires. In an 
alternate embodiment a sheet is attached to the outer sur- 
face of one lead and a dielectric sheet thereagainst is 
positioned at a tilted angle between the LED and the 
photodiode. 
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OPTICAL ISOLATOR 

An optical isolator may be used in an electrical circuit to allow 
signal propagation in a forward direction while maintaining voltage 
and current isolation between the input and the output of the optical 
isolator. Such an isolator includes a light emitting diode (LED) at 
the input, a photodiode at the output and an optically transmissive 
high breakdown voltage isolation gap separating the LED and the 
photodiode. In order to achieve optimum isolator performance the size 
of the isolation gap and the alignment of the LED and the photodiode 
must be maintained accurately during manufacture. 

One prior art attempt to automate optical isolator manufacture, 
described in U.S. Patent No. 4,446,375 and shown in Figures 1A-C 
hereof, has been to align the LED and the photodiode during 
fabrication by folding the LED lead and the separate LED bond lead 
into place over the detector in two ninety degree steps. Although the 
use of such a folded lead frame technique decreases the assembly time 
for each isolator a complex folding apparatus is required to make the 
two 90° folds which lie along different axes and errors in the 
placement of the folds may affect the accuracy of the LED-photodi ode 
alignment. During folding, damage to the bond wires may occur because 
the LED lead and the LED bond lead are not securely attached together 
and because the dielectric sheet between the LED and the photodiode 
dice is free to rest against and damage the LED and photodiode bond 
wires. As additionally described in U.S. Patent No. 3,925,801 and 
shown in Figure 2 hereof, the size of the isolation gap in many prior 
art optical isolators is determined by the thickness of a dielectric 
sheet located between the LED and the photodiode. The insertion of 
such a sheet during manufacture has often resulted in bond wire 
damage . 

In accordance with the illustrated preferred embodiment of the 
present invention, an optical isolator is manufactured simply and 
repeatably using standard form lead frames. Prior to die attachment 
and wire bonding of the optical isolator, the LED and photodiode 
attachment portions of the lead frame are displaced to a common plane 
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located below the plane of the remainder of the lead frame. The 
entire LED section of the lead frame is then rotated 180 degrees about 
a pair of hinge pins until it is coplanar with the photodiode section 
of the lead frame. After rotation is completed the hinge pins are 
stamped to eliminate spring back of the rotated LED section of the 
lead frame. A clear resin is injected between two dielectric sheets 
attached to the outer surfaces of the LED and photodiode leads to form 
a light guide between the LED and the photodiode. The optical 
isolator is encapsulated and the protruding leads are cut and bent to 
the desired final package shape. In an alternate preferred embodiment 
of the present invention, a first dielectric sheet is attached to the 
outer surface of either the LED or the photodiode lead and a second 
dielectric sheet is positioned between the LED and the photodiode 
dice. The second sheet rests upon (and adheres to adhesive on) the 
first sheet and extends between the dice at an angle so that damage to 
the dice and to the bond wires is avoided. 

Other features and advantages of the present invention will 
appear from the following description. 

Figures 1A-C show a prior art optocoupler having a folded lead 
frame construction. 

Figure 2 shows a prior art optocoupler having a dielectric sheet 
compressed between the LED and the photodiode. 

Figure 3 shows an optical isolator lead frame in accordance with 
the preferred embodiment of the present invention. 

Figures 4A^B are a flow chart of the optical isolator assembly 
steps in accordance with the preferred embodiment of the present 
invention. 

Figures 5-11 show various stages iathe assembly of the optical 
isolator in accordance with the flow chart of Figure 4. 

Figure 12 shows an alternate preferred embodiment of the present 
invention in which a dielectric sheet is positioned between the LED 
and photodiode dice at a tilted angle. 

Figure 13 is a flow chart of the assembly steps of the alternate 
preferred embodiment shown in Figure 12. 
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Figures 1 and 2 show optocouplers which are fabricated according 
to the prior art* Figures 1A-C illustrate two 90° folding steps, 
described in U.S. Patent No. 4,446,375, which have been used in the 
manufacture of prior art optocouplers to align the LED and the 
photodiode. Figure 2 shows an optocoupler, described in U.S. Patent 
No. 3,925,801, which uses the thickness of a single dielectric sheet 
compressed between the LED and the photodiode dice to establish the 
size of the isolation gap. 

Figure 3 shows a lead frame 1 which is used in the assembly of an 
optical isolator in accordance with the preferred embodiment of the 
present invention. The lead frame 1 is 0,254mm (.010 inch) thick and 
is fabricated from alloy 42 (42% nickel, 58% iron) in a well known 
manner. The hatched regions are plated with gold to facilitate later 
die attach and wire bond operations and for the sake of clarity these 
plated regions are not shown in the other Figures. Two side rails 3 
and 5 provide longitudinal stability for the lead frame 1 which is 
approximately 213,36mm (8.4 inches) in length and one inch in width. 
Repeated tie rails 21 and 23 provide lateral stability to the lead 
frame 1. Ten each alternating LED sections 11 and photodiode sections 
13 are located on lead frame 1 and each individual section is divided 
about arms 17 and seats 19 into identical left and right halves. The 
LED sections 11 are attached to side rails 3 and 5 by 0,3556mm (.014 
inch) wide hinge pins 31, 33 and the photodiode sections 13 are 
attached to side rails 3 and 5 by dam bar ends 35, 37. During 
fabrication each left pair of LED sections 11 and photodiode sections 
13 will be combined to form one optical isolator. Each right pair 
will be combined into one optical isolator in a like manner. A total 
of twenty optical isolators in standard integrated circuit 8-lead 
packages will be fabricated upon the single lead frame 1. 

Figures 4A-B are a flow chart of the various assembly steps which 
are performed during the manufacture of an optical isolator in 
accordance with the present invention. The individual assembly steps 
for a single optical isolator 103 are discussed below in connection 
with Figures 5-11. During automated assembly all of the optical 
isolators on the lead frame 1 would be fabricated sequentially. 

Figure 5 shows the lead frame 1 after performance of step 41 in 
which attachment portions 81 and 83 are down set below the plane of 
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si* rails 3 and 5. The down set operation may easily be performed 
using well known stamping techniques and the amount down S6 tT 
predetemined to set the size of the isolation gap. For an isolation 
gap of 0,254™ ( . O10 inch) in the preferred embodiment, each of 
attachment portions 81, 83 was down set a distance of 0,482*™ , 0 19 

if *"* ^ VSry " 1th the thicknes ' 

Afferent LED and photodiode dice. The seat 19 is down set by an 

U s l C " 9Unar all9 ™ eDt ° f LED sert, °» 11 with the 

aaalnstt T°" " "** r ° tat1 ° n * all0Win * tte « » * ™t 
against the down set area of the seat 19. After rotation is 

a C bo»ri d ' h !I' e SeCt1 ° nS 81 a " d 83 W1 " * '°<™stantl y 
above and below the plane of the side rails 3 5 

bond l^V Sh °" S St8PS ^ a " d 45 ,B " M * "»'*• «"«* "I -ire 
bond operations are performed upon lead frame 1 in a conventional 

T£'l.£ of ? 91 a " ° PU ™ } « ^ched to 

iLh oo ' and 3 Ph ° t0d,0de die 97 ,s a « M " ed *» a photodiode 
lead 99 Vanous bond wires are attached to the other leads shown as 
retired The LEO 91 is a high speed gain™ arsenide phosphide 
device of the type described in U.S. Patent No. 3,836,793 which is 
incorporated herein by reference. The LED 91 has a thickness of 
approximately 0,1524,™ (.006 inch) and the photodiode 97 has a 
thickness of approximately 0,304Smn (.012 inch) 

.u» "IT™ 7 "** ° f the °"«"«"« « which are 

s a k e o"f c , ,n ?"*■•, ,n * "« <*»t of Figure 4B. For the 

FW s ft " SeCt,P " ° f * U "> f ™ 1 is s — 1» 

W 7 : 9 : In ^"^O" operation step 61, the tie rail 21 of LED 
section 11 ,s severed from both of the side rails 3 and 5 This 

IZ^^.T^ " attaChed °" ly 31 tte UUn "y hinge 
Pins 31, 33 and longitudinal rotation about the hinge pins is 

possible. The dam bar ends 35 and 37 of the photodiode section 13 are 

T*,T er tt Tl C0 " Se ^ ent1 ^ tte Photodiode section 13 remains 
rigidly attached to the side rails 3 and 5. 

In step 63, the LED section 11 is rotated approximately 15' 
upwards about the hinge p, ns 31 and 33. The rotational movements of 
steps 63-69 may be made in a single step or in multiple steps as 
required for the particular combination apparatus used. Since the 
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a for. » standard 8-1 ead package, standard 
lead frame 1 is configured for a standard » 

st ep 67 (not rot at1on could be perfomed 1. a 

embodiment. « e .i M naris of the combination 

apparatus press the LED section ^ ^ Wf 

coplnar with s,de ml> 3. » Jrea of the seat 19 

point, the am 17 is seated against the down ^ 

and damage to *he *. he spot welded 

accidentally bumped. The arm 17 a 

together to provide £ ze of the isoUtion gap 

Since, unlike certain pnor art de ices the * 4a n . 

is not set by compression of a dielectric sheet 

97 damage to the dice 91, 97 does not occur_ u 
in order to prevent rotat,onal spring tac^ of * 

fr. the 180- rotated position the M> -oe „« 31 * ^ ^ 
and thereby fUttened. The width of e h o f* , P ^ ^ 
gre ater than the thickness of s,de ^ ^ 

— P cross -tioneiview of * optica! 

+ rvF rfnwn set of attachment portions 81, 83 ana sea 
the amount of down set of ^ gg ^ gg are 

by the thicknesses of the dice 91 ana 
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coplanar which permits the use of standard transfer molding apparatus 
in step 53 and eliminates flashing on the bond leads during molding/ 

Figure 11 shows steps 49-55 in which final packaging of the 
optical isolator 103 is performed. In step 49, two dielectric sheets 
111, 113 are attached to the outer surfaces of leads 95 and 99. 
Sheets 111, 113 may be made from any nonconductive material such as 
0,07112mm (.0028 inch) thick commercially available DuPont Company 
Kapton tape which is cut to 2,54 by 2,54nm (.100 by .100 inch) in size 
and which has an adhesive coating on one side. In step 51, an 
optically transmisslve silicone resin such as Dow Corning Company's 
Hi pec Ql-4939 semiconductor protective coating is injected into the 
isolation gap 101 between sheets 111 and 113 to form a light guide 
115. By using surface tension forces, the sheets 111, 113 limit the 
resin flow :o the desired location and preclude structural weakening 
of the optical isolator 103 which could be caused by excessive resin 
flow. The resin effectively encapsulates the dice 91, 93, 97 within 
the light guide 115 and thereby reduces the risk of damage to the 
optical isolator 103 during thermal shock or temperature cycling. 

In step 53, standard transfer molding techniques are used to 
encapsulate the entire optical isolator 103 in an opaque package 117 
of, e.g., Mitto Electric Industrial Co. MP-101S transfer molding 
compound. Finally, in step 55, all of the leads including leads 95 
and 99 are cut from side rails 3, 5 and tie rails 21, 23 and the leads 
are bent to the desired packaged shape. 

Figure 12 shows an alternate preferred embodiment of the present 
invention in which a dielectric sheet 131 is positioned within the 
isolation gap 101 between dice 91, 97. Figure 13 is a flow chart of 
the assembly of the optical isolator 121 shown in Figure 12 using a 
number of steps common to the flow chart of Figure 4A. In step 151 
the sheet 113 shown in Figure 11 or any other rigid material sheet is 
attached to the lead 99 using the adhesive layer on the upper surface 
of the sheet 113. In step 153 a second dielectric sheet 131 is placed 
on top of the die 97 touching the end of sheet 113 and adhering to the 
adhesive layer thereon so that the sheet 131 is angled away from the 
bond wires thereby avoiding damage to the bond wires. The tilted 
angling of sheet 131 creates a wedge shaped cavity between the sheet 
131 and the die 97 in which resin 133 is contained in the desired 
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position for transmitting light to the photodiode die 97. The sheet 
131 is 3,175mm by 3,175mm {,125 inch by .125 inch) in size and may be 
fabricated from a piece of DuPont Company FEP number 200C20 material. 

In step 155 resin 133, discussed above with reference to Figure 
11, is applied between the sheet 131 and the die 97 and in step 157 
the resin is briefly cured to attain a gel consistency. Performance 
of the combination operations of step 47 does not result in damage to 
the dice 91, 97 because the size of the isolation gap 101 is 
determined by the amount of down set and not by compression of the 
sheet 131 between the dice 91, 97 as is often done in the prior art. 
Damage to the bond wires is avoided since the sheet 131 rests against 
the sheet 113 and the edge of die 97 and is thereby tilted at an angle 
and avoids contact with the bond wires. In step 161, additional resin 
133 is applied between the sheet 131 and the die 91. The resin is 
cured to a gel consistency in step 163 and it is completely cured in 
step 165 before final steps 53, 55 are performed. 

The sheet 131 has the effect of increasing the breakdown voltage 
of the optical isolator 121 since it has a greater breakdown voltage 
than does the resin 133. It also serves to increase the length of any 
air gap present at the interface between the resin 133 and the molding 
compound 117 and minimizes the effect of air bubbles within the resin 
133. The angled presence of the sheet 131 creates a properly 
positioned and resin filled wedge shaped cavity which conducts light 
between the die 91, 97 and which also allows a smaller amount of resin 
133 to be used so that the amount of resin that may wet the leads 95, 
99 is reduced. This decrease in lead wetting results in the 
attainment of superior moisture penetration resistance properties by 
the optical isolator 121. 
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CLAIMS 

1. Method for fabricating an optical isolator on a lead 
frame having two side rails, comprising the steps of: 

down setting an LED attachment portion of the lead frame and a 
photodiode. attachment portion of the lead frame to a downset plane 
below the plane of the side rails; 

attaching a photodiode die to a photodiode lead of the 
downset photodiode attachment portion; 

attaching an LED die to an LED lead of the downset LED 
attachment portion; and 

rotating one of the attachment portions about an axis in the side 
rail plane which connects the side rails and thereby 
positioning the LED die proximate the photodiode die and 
separated therefrom by an isolation gap. 

2. Method as in claim 1, wherein the LED attachment portion is 
the one of the attachment portions rotated in the rotation step, 

3. Method as in claim 1, wherein the photodiode attachment 
portion is the one of the attachment portions rotated in the rotation 
step, 

4. Method as in claim 1, wherein the downset plane is 
substantially parallel to the side rail plane and is located a 
predetermined downset distance therebelow and wherein twice the 
downset distance is substantially equal to the sum of the 
thickness of the isolation gap plus the thickness of the LED die plus 
the thickness of the photodiode die plus the the thickness of the lead 
frame. 

5. Method as in claim 4, wherein the one of the attachment 
portions is rotated approximately 180° during the rotation step. 

6. Method as in claim 5, wherein the one of the attachment 
portions is attached to the side rails by hinge pins lying in the side 
rail plane and substantially orthogonal to the side rails. 
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7. Method as in claim 6, further comprising after the rotation 
step the step of swaging the hinge pins. 

8. Method as in claim 7, wherein the hinge pins each have a 
width greater than the thickness of each of the side rails and no 
greater than 160% of the side rail thickness. 

9. Method as in claim 8, further comprising after the swaging 
step the steps of: 

creating an encapsulating body about the optical isolator; and 
finishing the lead frame protruding from the body. 

10. Method as in claim 1, further comprising after the rotation 
step the step of creating a light pipe within the isolation gap 
between the LED die and the photodiode die. 

11. Method as in claim 10, wherein the step of creating a light 
pipe comprises the steps of: 

applying a first sheet to a backside of the LED lead opposite the 
isolation gap; 

applying a second sheet to a backside of the photodiode lead 
opposite the isolation gap; and 

filling a cavity between the first and second sheets with an 
optically transmissive material such that the isolation gap is filled 
wi th the materi al . 

12. Method as in claim 11, further comprising after the filling 
step the steps of: 

creating an encapsulating body about the optical isolator; and 
finishing the lead frame protruding from the body. 

13. Method as in claim 12, wherein: 

the first and second sheets each comprise a dielectric material; 

and 

the optically transmissive material comprises a resin. 

14. Method as in claim 1, wherein: 

the one of the attachment portions further comprises a laterally 
extending arm which is coplanar with the side rails; and 
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the other of the attachment portions further comprises a 
laterally extending seat; and 

wherein the method further comprises after the step of 
downs etting the step of jogging down the seat by an amount 
substantially equal to the thickness of the arm such that the arm 
rests upon the jogged down portion of the seat after completion of the 
rotation step. 

15. Method as in claim 14, further comprising after the rotation 
step the step of attaching together the seat and the arm. 

16. An optical isolator which is fabricated upon a lead frame 
having two side rails, in accordance with a process having the steps 
of: 

doWn setting an LED attachment portion of the lead frame and a 
photodiode attachment portion of the lead frame to a downset plane 
substantially parallel to the plane of the side rails arid located 
therebelow a predetermined downset distance; 

attaching a photodiode die to a photodiode lead of the downset 
photodiode attachment portion; 

attaching an LED die to an LED lead of the downset LED attachment 
portion; 

rotating one of the attachment portions approximately 180° about 
an axis in the side rail plane which connects the side rails and 
thereby positioning the LED die proximate the photodiode die and 
separated therefrom by an isolation gap substantially equal to twice 
the downset di stance pi us the thi ckness of the 1 ead frame mi nus the 
sum of the thicknesses of the LED and photodiode dice; 

applying a first sheet to a backside of the LED lead opposite the 
isolation gap; 

applying a second sheet to a backside of the photodiode lead 
opposite the isolation gap; 

filling a cavity between the first and second sheets with an 
optically transparent material such that the isolation gap is filled 
wi th the materi al ; 

creating an encapsulating body about the optical isolator; and 

finishing the lead frame protruding from the body. 
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17. Optical isolator fabricated in accordance with the process 
of claim 16, wherein the LED attachment portion is the one of the 
attachment portions rotated in the rotation step. 

18. Optical isolator fabricated in accordance with the process 
of claim 16, wherein the photodiode attachment portion is the one of 
the attachment portions rotated in the rotation step. 

19. Optical isolator fabricated in accordance with the process 
of claim 16, wherein the one of the attachment portions is attached to 
the side rails by hinge pins lying in the side rail plane and 
substantially orthogonal to the side rails. 

20. Optical isolator fabricated in accordance with the process 
of claim 19, wherein the process further comprises after the rotation 
step the step of swaging the hinge pins. 

21. Optical isolator fabricated in accordance with the process 
of claim 20, wherein the hinge pins each have a width greater than the 
thickness of each of the side rails and no greater than 160% of the 
side rail thickness. 

22. Optical isolator fabricated in accordance with the process 
of claim 21, wherein the first and second sheets comprise a dielectric 
material . 

23. Optical isolator, comprising: 

an LED lead having a planar portion and an upset portion 
displaced to an upset plane an upset distance above the planar portion 
and substantially parallel thereto; 

a photodiode lead having a planar portion coplanar with the LED 
lead planar portion and a downset portion displaced to a downset plane 
a downset distance below the planar portion of the photodiode lead and 
substantially parallel thereto, the downset portion of the photodiode 
lead extending under the downset portion of the LED lead and being 
axially aligned therewith; 

an LED die attached to an underside of the upset portion of the 
LED lead; and 

a photodiode lead attached to a topside of the downset 
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portion of the photodi ode lead and being proximate the LED die and 
separated therefrom by an isolation gap. 

24. Optical isolator as in claim 23, further comprising: 
a first sheet attached to a top side of the LED lead; 

a second sheet attached to a. bottom side of the photodi ode lead; 

and 

an optically transmissive material located between the first and 
second sheets and substantially filling the isolation gap. 

25. Optical isolator as in claim 24, wherein the upset distance 
is substantially equal to the downset distance. 

26. Optical isolator as in claim 25, wherein the first and 
second sheets comprise a dielectric material . 

27. Optical isolator as in claim 26, wherein the optically 
transmissive material comprises a resin. 

28. Optical isolator as in claim 27, further comprising an 
encapsulation material attached to the LED lead and photodi ode leads 
and encapsulating the optical isolator. 

29. Method for fabricating an optical isolator on a lead frame 
having two side rails, comprising the steps of: 

down setting an LED attachment portion of the lead frame and a 
photodi ode attachment portion of the lead frame to a downset plane 
below the plane of the side rails; 

attaching a photodi ode die to a photodi ode lead of the downset 
photodi ode attachment portion; 

attaching an LED die to an LED lead of the downset LED attachment 
portion; 

attaching a first sheet to a backside of the photodi ode lead such 
that an end of the first sheet extends beyond the end of the 
photodi ode lead; 

attaching an isolation sheet to the end of the first sheet and to 
an edge of the photodi ode die such that the isolation sheet overlays 
the photodi ode die at an angle; 

rotating the LED attachment portion about an axis in the side 
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rail plane which connects the side rails and thereby positioning the 
LED die proximate the photodiode die and separated therefrom by an 
isolation gap; and 

wherein the angled portion of the isolation sheet is positioned 
within the isolation gap separating the LED die and the photodiode 
die. 

30. Method as in claim 29, wherein the downset plane is 
substantially parallel to the side rail plane and is located a 
predetermined downset distance therebelow and wherein twice the 
downset distance is substantially equal to the sum of the thickness of 
the isolation gap plus the thickness of the LED die plus the thickness 
of the photodiode die plus the thickness of the lead frame. 

31. Method as in claim 30, wherein the LED attachment portion is 
rotated approximately 180° during the rotation step, 

32. Method as in claim 31, wherein the LED attachment portion is 
attached to the side rails by hinge pins lying in the side rail plane 
and substantially orthogonal to the side rails. 

33. Method as in claim 32, further comprising after the rotation 
step the step of swaging the hinge pins. 

34. Method as in claim 33, wherein the hinge pins each have a 
width greater than the thickness of each of the side rails and no 
greater than 160% of the side rail thickness. 

35. Method as in claim 34, further comprising after the step of 
attaching the isolation sheet, the step of inserting an optically 
transmissive material into the isolation gap between the isolation 
sheet and the photodiode die. 

36. Method as in claim 35, further comprising after the step of 
swaging, the step of inserting the optically transmissive material 
into the isolation gap between the isolation sheet and the LED die. 

37. Method as in claim 36, wherein the isolation sheet comprises 
a di el ectri c materi al . 
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38. Method as in claim 37, wherein the optically transmissive 
material comprises a resin. 

39. Method as in claim 38, further comprising after the step of 
inserting the optically transmissi ve material between the isolation 
sheet and the LED die the steps of: 

creating an encapsulating body about the optical isolator; and 
finishing the lead frame protruding from the body. 

40. Optical isolator comprising: 

an LED lead having a planar portion and an upset portion 
displaced to an upset plane an upset distance above the planar portion 
and substantially parallel thereto; 

a photodiode lead having a planar portion coplanar with the LED 
lead planar portion and a downset portion displaced to a downset plane 
a downset distance below the planar portion of the photodiode lead and 
substantially parallel thereto, the downset portion of the photodiode 
lead extending under the downset portion of the LED lead and being 
axially aligned therewith; 

an LED die attached to an underside of the upset portion of the 
LED lead; 

a photodiode die attached to a top side of the downset portion of 
the photodiode lead and being proximate the LED die and separated 
therefrom by an isolation gap;/ 

a first sheet attached to a backside of the photodiode lead and 
having an end extending beyond the end of the photodiode lead; and 

an isolation sheet attached to the end of the first sheet and 
extending through the isolation gap at an angle between the LED die 
and the photodiode die. 

41. Optical isolator as in claim 40, further comprising an 
optically transmissi ve material substantially filling the portion of 
the isolation gap between the LED die and the isolation sheet and the 
portion of the isolation gap between the photodiode die and the 
isolation sheet. 

42. Optical isolator as in claim 41, wherein the upset distance 
is substantially equal to the downset distance. 



Hewlett-Packard Company 

Int.Ref.: Case 8301-112 q 2Q& 325 

- 15 - ..... .... 



43. On optical isolator as in claim 42, wherein the isolation 
sheet comprises a dielectric material. 

44. Optical isolator as in claim 43, wherein the optically 
transmissive material comprises a resin. 



45. Optical isolator as in claim 44, further comprising an 
encapsulation material attached to the LED lead and photodiode leads 
and encapsulating the optical isolator. 



0 206 325 




FIG 1A (PRIOR ART) 




(PRIOR ART) 



0 206 325 




2/13 

E^SZ2Z2Z3 LEAD FRAME 
L\ NNN\ \\\\\\\J EMITTER CHIP 

ISOLATION FILM 

DETECTOR/TRANSISTOR 

CHIP 
LEAD FRAME 



FIG 2 (PRIOR ART) 




CUT LED CROSS MEMBERS —61 



I 



ROTATE TO 15° -^63 



I 



ROTA TE TO 90° L-65 

r 

ROTATE TO 165° _^ 6 7 



I 



ROTATE TO 180° --69 



STAMP HINGE PINS 




0 206 325 




0 206 325 



4/13 



DOWN-SET ATTACHMENT PORTIONS |-4i 



DIE ATTACH 

i 



43 



WIRE BOND"""] -- 45 



i 





COMBINATION 


— 47 




OPERATIONS 




y 






TAPE APPLICATION | 



y 



49 



INJECT SILICONE AND CURE ^51 

r 



TRANSFER MOLD 



I 



SHAPE LEADS 



53 



55 




FIG 4A 



0 206 325 




0 206 325 

6/13 



CD 
O 



0 206 325 




0 206 325 




0 206 325 




0 206 325 




0 206 325 



13 / 13 



DOWN-SET ATT ACHMENT PORTIONS f- 41 

T , 

DIE ATTACHE 43 



I 



WIRE BOND —45 



I 



ATTACH DIELECTRIC SHEET TO 
PHOTODIODE LEAD 

I 



151 



ATTACH DIELECTRIC SHEET OVER I 4 « 
PHOTODIODE DIE Y~ 



APPLY RESIN TO PHOTODIODE DIE 155 



CURE TO GEL 

I 



157 



COMBINATION OPERATIONS^ 47 



APPLY RESIN TO LED DIeV -161 



CURE TO GEiZ^ -163 



FINAL CURE"! - 165 



TRANSFER MOLD f - 53 



1 



SHAPE LEADS} — 55 




FIG 13 



THIS PAGE BLANK (uspto) 



